SNPP VIIRS Emissive Bands Calibration Assessed via a CrIS-VIIRS Data Comparison
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Abstract

Objectives and Methodology
The CrIS – VIIRS data comparison main objectives are:
• Provide an assessment of the VIIRS on-orbit calibration based on the CrIS
calibration, by deriving a CrIS-based correction to the calibration coefficients for
VIIRS and comparing the results to VIIRS BB WUCD and pre-launch values.

VIIRS Calibration Equations
The Earth view radiance is derived from VIIRS detector output by [1]:
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c'0 = RVS a0 − (a1 − 1)[ RVS − 1] BG + a1 Fc 0
c'1 = a1 Fc1
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Coefficients:
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Nadir

0.95 ±0.06

1.68 ±0.01

17.1 ±0.8

5.92 ±0.07

11.9 ±0.6

5.05 ±0.04

Samp. 730

1.03 ±0.08

1.67 ±0.01

19.8 ±0.9

5.91 ±0.07

12.7 ±0.8

5.05 ±0.04

Samp. 2740

0.88 ±0.05

1.67 ±0.01

18.9 ±0.9

5.91 ±0.07

11.7 ±0.6

5.05 ±0.04

mean WUCD

-0.27

1.680

20.26

5.913

8.610

5.051

Pre-launch

0.98

1.661

-8.50

5.898

1.275

5.004

c'2 = a1 Fc 2

Effect on F-factors
LUT

WUCD

CrIS

• F-factors calculated using
the LUT coefficients show
dependence on temperature.
• Using the average WUCD
coefficients removes the
temperature dependence.
• CrIS-based coefficients
improve the F-factor for
M15, shift the F-factor of
M16 closer to 1, and do not
improve the slope of M13.

Data Selection
Scan Angle Selection and CrIS - VIIRS Matching

Temperature Comparison - All Bands; Orbits at TBB=292.5K
Re-calibrated VIIRS – CrIS Radiance
• Nadir – six CrIS FOV at each FOR
14 and 15 – approximately 260 VIIRS
M-samples averaged per CrIS FOV –
only the three FOVs of each FOR
closest to Nadir were used in the further
analysis.
• Off-nadir at SC Zenith Angle of ~48.5 deg – seven CrIS FOVs at each FOR
2 (VIIRS sample ~2470) and 27 (VIIRS sample ~730); approximately 560
VIIRS M-samples per CrIS FOV.
• Data Filtering: radiance uniformity of 1% (standard deviation of the
averaged VIIRS M-samples) was imposed as a FOV selection criterion.

• Use the VCST version of
OPS code to calibrate VIIRS
with the CrIS – based
coefficients.
• Retrieve VIIRS dn from
SDR and calibrate with the
CrIS – based coefficients –
only differs from the first
method for M13.

Data was selected at various BB temperatures:

• Comparison of scenes at the VIIRS BB temperature can shed light on CrIS
calibration.
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VIIRS BB Temperatures

• Explore the possibility of uncorrected VIIRS background path differences by
performing the comparison at different scan angles. A difference in the derived
values may suggest problems with VIIRS background estimate.
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Using LCrIS as a reference we define a new set of “corrected” VIIRS
calibration coefficients c‘ by substituting LVIIRS in Eq. (2) with Eq. (3) and
comparing the result to Eq.(4):

The calibration of the Suomi NPP VIIRS thermal emissive bands (TEB) M13
(4.05 µm), M15 (10.76 µm), and M16 (12.013 µm) is assessed by a comparison
between CrIS and VIIRS SDR Earth radiance data, obtained at the same time
and with the same view geometry. A correction to the VIIRS calibration
coefficients, based on the CrIS calibration, is derived. The motive to attempt an
alternative approach to the VIIRS TEB calibration, independent from the VIIRS
on-board Black Body (BB) data, is that while in general agreement, the BB
WUCD results and pre-launch estimates of the calibration coefficients show
some systematic differences, especially for the zeroth order coefficients. The
discrepancy could arise from BB view radiative model inadequacies, or from
real differences in the offsets on-orbit compared to pre-launch.
The VIIRS TEB calibration coefficients derived from comparison with CrIS are
band-average (over all detectors and HAM-sides), derived under the assumption
of a linear relationship between CrIS and VIIRS radiance, at three different scan
angles (nadir and ±49 deg) to explore the possibility of uncorrected VIIRS
background path differences (function of the scan-angle) affecting the
calibration. Data from over 10 orbits was used, including orbits during a BB
WUCD – when the VIIRS calibration was affected by the BB temperature
change – as well as nominal operational data.
The results are consistent between WUCD and nominal operations, and between
the three scan angles used. The derived offset for M13 is close (slightly lower)
to the pre-launch value, while for M15 and M16 the offset is higher than the
pre-launch and consistent with WUCD results.
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Orbit
5775-5776
5777-5778
5899
5903
5905
5922
5924
5926
5928
5970
6006-6007

TBB [K]
292.7
292.7
292.7
302.6
307.5
268.1
273.0
283.0
292.5
292.5
292.5

#gran.
16+65
21+21
69
67
32
68
70
71
68
68
71+72

5928

5905

CrIS-based coefficients

5926

5903
5924

“Correcting” the CrIS Radiance
• The comparison is expected to be best at scenes with temperature close VIIRS TBB.
• Using scenes at the TBB we determine a correction (linear) to the CrIS radiance.
• Correcting CrIS radiance has little effect on M15 and M16, however it changes the
results for M13 – c1 consistent with WUCD value, decreased c0.

5922

*CrIS SDRs are not available for orbits 5906-5910 due to instrument reboot.

~ L(265K)
M13
M15
M16

F=

RVS BB Lap + (RVS EV − RVS SV )BG
2

∑ ci dnBB

min(∆RVS)
0 .0011
0.0088
0.0051

max(∆RVS)
0.0047
0.0499
0.0278

Results

Conclusions

M15 VIIRS-CrIS Radiance Comparison
Lap ( B) = εLBB + (1 − ε )( FRTA LRTA + FSH LSH + FCAV LCAV )
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VIIRS Calibration Coefficients for M13, M15, and M16 Based on CrIS
Linear relationship between CrIS and VIIRS radiance is assumed and used to
determine the "a" coefficients of the relationship :
(2)

LCrIS= a0 + a1LVIIRS ,

where LVIIRS is the VIIRS retrieved EV radiance (1):
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LVIIRS ( B, θ ) ≈
2
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LCrIS ( B) =

∑ FB cB i dnB − [ RVS B,EV − 1] BG B
i

i =0

RVS B , EV

∑ c'B i dnB − [ RVS B,EV − 1] BG
i

i =0

RVS B , EV

;

• The derived calibration coefficients are in very good agreement between
the different data sets, and as expected, are not dependent on the BB
temperature.
• The coefficients derived at the three scan angles are consistent within the
uncertainty.
• For M15 and M16 the CrIS-based coefficients agree better with the
average WUCD values (excluding c2).
• For M13 the CrIS- based coefficients are closer to the LUT table.

• The coefficients derived at the three scan angles are consistent within the
uncertainty, supporting the scenario that the change in c0 we see at WUCD is not due
to background radiance model inaccuracy.
• For M15 and M16 the CrIS-based coefficients agree better with the average WUCD
values (excluding c2). On orbit offset change can explain the CrIS-VIIRS temperature
dependent difference.
• For M13 the CrIS- based coefficients are closer to the LUT table. The CrIS – VIIRS
discrepancy might be due to a different mechanism.
•A correction to the CrIS radiance, using scenes at the VIIRS BB temperature as
reference, yields better agreement between the M13 data sets.
• Further improvements are possible: expanding the CrIS data set with data taken
during the last WUCD cycles; separating HAM-sides.
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